CANADIAN 
JOURNAL RESEARCH 


VOLUME JANUARY, 1945 NUMBER 


SECTIONA 


PHYSICAL SCIENCES 


Contents 
Page 


Flow Gas Through Tube Constant Cross-section with 
Heat Exchange Through the Tube Walls—B. Szczeniowski 


Resonance Absorption Neutrons Manganese, Gallium, 


The Delineation Retinal Zones with Dark Tube Vision— 


NATIONAL RESEARCH COUNCIL 
OTTAWA, CANADA 


CANADIAN JOURNAL RESEARCH 


The Canadian Journal Research issued six sections, follows: 


Physical Sciences Zoological Sciences 
Chemical Sciences Medical Sciences 
Botanical Sciences Technology 


For the present, each these sections issued six times annually, 
under separate cover, with separate pagination. 


The Canadian Journal Research published the National Research 
Council Canada under authority the Chairman the Committee 
the Privy Council Scientific and Industrial Research. The Canadian 
Journal Research edited joint Editorial Board consisting members 
the National Research Council Canada and the Royal Society Canada. 


EDITORIAL BOARD 


Representing Representing 
NATIONAL RESEARCH COUNCIL CANADA 
President, Professor Chemistry, 
University Alberta, Edmonton. Dalhousie University, Halifax. 
Section 
Director, Research Institute Department Physics, 
Endocrinology, Queen’s University, Kingston. 
McGill University, Montreal. 
Professor Physics, Royal Ontario Museum 
Queen's University, Kingston. Zoology, Toronto. Section 
Professor Physical Chemistry, Professor Genetics, 
McGill University, Montreal. McGill University, Montreal. 


Director, Division Applied Biology, 
National Research Laboratories, Ottawa. 


COMMITTEE 


Editor-in-Chief, Dr. Coox 
Editor Section Pror. ROBERTSON 
Editor Section Dr. HARRINGTON 


Manuscripts should addressed: 
Editor-in-Chief, 
Canadian Journal Research, 
National Research Council, Ottawa, Canada. 


3 


4 


a 
A 


Canadian Journal Research 


Issued THE NATIONAL CANADA 


VOL. 23, SEC. JANUARY, 1945 NUMBER 


FLOW GAS THROUGH TUBE CONSTANT CROSS- 
SECTION WITH HEAT EXCHANGE THROUGH THE 
TUBE 


Abstract 


The influence the exchange heat between gas flowing through tube 
and the outside atmosphere the pressure the gas stream usually over- 
looked. Theoretical investigations show, however, that this influence marked 
the case large stream velocities, approximating the velocity sound. 
addition, the theory permits state that the heat exchange possible 
only when the stream velocity maintained beyond certain limits. For stream 
velocities within these limits, heat exchange not possible. 


The conclusion reached that the velocity flow the tube, the tube 
heated cooled, shows natural and permanent tendency reach the velocity 
sound, after which the heat exchange longer possible. 


Finally, this theoretical investigation shows that the present view that the 
heat conductance coefficient increases continually with the stream velocity 
wrong. This coefficient will equal zero when the stream velocity reaches 
the velocity sound. This means that will reach certain maximum value 
corresponding value stream velocity which not exactly known but 
which will less than that sound. 


Heat exchangers usually consist system tubes through which the 
working medium flowing while stream another medium passing 
around the tubes either vertically through larger concentrically arranged 
pipes direction parallel the flow the working medium. principle 
generally adopted that practice the heat exchange does not influence 
the pressure. This means that the drop pressure along the tube negligible 
and caused solely resistance the flow, phenomenon called throttling 
thermodynamics. Such opinion is, naturally, not quite correct. How- 
ever, can applied with satisfactory results, provided the speed flow 
not excessive. cases where the speed the flow excessive, where 
there considerable drop temperature caused some cooling process 
(such cooling combustion gases from engine the producer-gas 
leaving generator, until the temperature the gases approximately 
equal the outside temperature) the effect the heat exchange pressure 
variations marked that cannot neglected. Otherwise, the results 
the measurements would show discrepancies and may often lead false 
deductions supposed defective operation the measuring instruments, 
particular the manometers. 


Manuscript received original form May 31, 1944, and revised, July 25, 1944. 
Contribution from Ecole Polytechnique, Université Montréal, Montreal, P.Q. 
agrégé. 
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The above-mentioned problem has been studied considerable extent 
means experiments carried for number years connection with 
investigation gas flow through tubes, well streamline flow around 
aerofoils. authorities, such Reynolds, Nusselt, Prandtl, 
Karman, and many others, are associated with this study. They investigated 
the intricate details the phenomena and are trying ascertain the nature 
these the basis certain hypotheses (Reynolds’ and Nusselt’s numbers, 
Prandtl’s theory boundary layer). general idea the results their 
investigations given Goldstein (2). would seem, however, that 
there certain gap the above-mentioned investigations, far 
simple elementary calculation not requiring any new hypothesis omitted. 
This elementary calculation would based classical mechanics one 
hand and classical thermodynamics the other, or, briefly speaking, the 
laws conservation, which always hold, namely: 

Principle conservation energy; 
Principle conservation the momentum; 
Principle conservation mass. 


Only modest attempts the new type investigation are appearing the 
technical press (1). 

The object this work fill the gap referred above, taking 
exceptionally simple case: ‘that tube with constant cross-section, 
through which gas streaming, other words, investigation the 
aero-thermodynamic changes that take place when the gas, considered ideal, 
flowing through pipe (say, circular cross-section), which being 
cooled heated. This would result exchange heat between the 
gas and the outside atmosphere through the walls. the study given 
below shall disregard the effect resistance flow and deal exclusively 
with perfect gas and perfect flow. 

Let consider tube with constant cross-sectional area (Fig. 1). 
certain section, which shall consider initial, the following indicated 


elements are given: mean velocity the flow pressure p,, absolute 
temperature After having passed section the gas acquires velocity 
whereas the pressure and temperature reach values the same time 
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certain amount heat has been brought the section, which, when com- 
puted per one pound the flowing gas, will amount B.t.u. per Ib. 


order establish the equation 


(1) 


connecting and shall apply the three conservation laws succession. 
Let take first the law conservation mass expressed the following 

uation continuity: 


where indicates specific gravity 


representing the gas constant for the gas under observation. Thus obtain 
(2) 


Another law conservation that the conservation energy expressed 

the given case the first equation thermodynamic for gases: 
dQ = C,d71 pe ’ 
applying unit mass, where denotes specific heat constant volume, 

the mechanical equivalent heat, the specific volume the gas; 
positive represents heat that has been received the intro- 
ducing the gas law equation: 


p 

well the value the specific heat, 

where the ratio specific heats, arrive at: 


Finally, the third law conservation concerns the amount momentum. 
the given case expressed the equation motion: 
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substituting obtained from Equation (2), namely: 
arrive differential equation connecting and 
which upon integration (by substituting py) furnishes the desired 
Equation (1): 
g WoPo Pp, 


where the constant determined from initial conditions: 


hence: 


Now are able express the velocity the flow well the heat 
received one pound gas function pressure: 


C; = 
and 


Q (x—1)J 2w,? 1] (1 + Po Po 


are now position express the pressure, temperature, and velocity 
shall introduce the value critical velocity corresponding temperature 


and shall designate: 


(Werit) o 


(7) 
| 
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Thus, arrive at: 


(10) 


the same time, have from Equation (6): 


Let assume, for example, that the initial velocity amounts 
and that have heated the gas the temperature, 27,. the gas 
involved air, then 1.4. Furthermore, the initial temperature 
per sec. 279 ft. per sec. 


obtain 


Let now take another example. The gases combustion leaving 
engine temperature 1500° and under pressure were cooled 
the exhaust pipe 280 ft. per sec. and consequently obtain 


280 


0.131, 


or 


course both the examples have disregarded the effect hydraulic 
resistance during the flow. note here that the heating process has 
reducing effect pressure, while the cooling process raises the pressure 
the gas stream flowing through the tube constant cross-section, least 
for flow velocities not exceeding the velocity sound. 

order lend the formula obtained more general character, shall 
introduce the following dimensionless values: 


| 
| 
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then Equations (6), (7), (8), and (9) will reduced to: 


The connection expressed Equation (14) has been graphically shown 
Fig. assuming diatomic gas Examination this graph leads 
the conclusion, that for every initial velocity there exists certain 
maximum value heat given the gas, which cannot exceeded. 
differentiating Equation (14) respect and equating the deriv- 


ative zero arrive at: 


Te = (k + 1) ’ 


note therefrom that the heat supplied reaches its maximum value 
when the velocity the flow rises the level the velocity sound, whereas 
pressure and temperature will attain their critical values. Two important 
conclusions may drawn from the above: 

The velocity the flow cannot raised over and above the velocity sound 
when the gas heated tube with constant cross-section. 

The gas that flows with the velocity sound through tube with constant 
cross-section unable take any heat from the surroundings. Such gas 
stream could only cooled, heating not possible, least from the 


\ 
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theoretical point view. the gas has initial velocity equalling the 
velocity sound then heating out the question. cases 
where lower, heating possible, but only the value (the maxima 
individual curves). 

When the initial velocity higher than the velocity sound condition 
that can attained prior expansion gas the Laval nozzle), then 
the heating the gas has contrary effect the velocity flow, namely, 
reduction. Hence, the velocity flow when the gas heated shows per- 
manent tendency reach the velocity sound. This appears natural 
equilibrium tendency the gas when subjected heating. soon 
equilibrium established, the intake heat from the outside ceases. This 
does not mean, however, that the transfer heat the surrounding atmos- 
phere not possible under such conditions. order investigate the 
effect cooling, let analyse Equations (15) and (16). When 
then pressure increases result cooling, whereas the velocity the 
flow decreases. When the pressure attains the value 


(kw, 1), (21) 
whilst the amount heat removed 


then the temperature drops absolute zero and the velocity 
zero 0). This the lowest limit below which cooling longer 
possible (Curves Fig. are interrupted these limit points). 


When (initial velocity equal the velocity sound) then the 


cooling may involve either increase pressure (the velocity flow then 


pressure which case the temperature also drops and the velocity increases. 


the latter case the pressure may theoretically drop zero and 


When then the cooling process would entail only drop pressure, 
theoretically down zero, and then also have while 


1 


may note here, certain cases, very characteristic phenomenon 
increase temperature when the gas cooled. This is, naturally, result 
theoretical calculation. would very interesting see whether this 
phenomenon actually occurs practice. For this purpose one would have 
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carry out number laboratory measurements. One may say, however, 
advance that the results would negative. For this reason parts the 
curves Fig. showing rise temperature through removal heat, fall 
through heating, are shown dotted lines. order investigate thoroughly 
the phenomenon question, let analyse Equations (13) and (14). 
eliminating from them obtain: 


differentiating Equation (13) respect and equating the result 
zero, obtain: 


(24) 
for 
well 
(qe Ska? 1) K(3 k) (26) 


Mathematical analysis shows that always less than expressed 
Equation (17), while always 

The course temperature variations for the different values initial 
velocity have been shown graphically Fig. 


From Equation (26) follows that positive for 


Furthermore note that the heating accompanied rise temperature 
and the cooling followed drop temperature only when the initial 


(27) 


velocity maintained beyond the limits Hence the experi- 


ment should demonstrate that the phenomenon falling temperature 
gas stream that subjected heating rising temperature after cooling 
does not occur practice, the conclusion would that gas stream, the initial 
velocity which maintained within the limits: 

(28) 

(or, say, for air: 0.845 1.0), can neither heated nor cooled; that 
is, exchange heat the given instance not feasible. 


Condition (28) gives the following equation for velocity 


OLY 


= 
Q 
N 
S 
> 
Q 
nH 
isa] 
4 
4 
2 
~ 
Q 
=z 
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and for air 


The above investigations permit also arrive certain conclusions 
concerning the heat conductance coefficient. generally accepted that 
this coefficient increases continually with the stream velocity the gas, when 
heated cooled. All known theoretical empirical formulae that express 
the connection this coefficient with stream velocity are accordance 
with this interpretation. This due the fact that all theoretical investi- 
gations this problem date the phenomenon critical state elastic 
fluid overlooked spite the fact that this critical state may be, and often 
is, attained. the light the above investigations, the heat conductance 
coefficient cannot increase beyond any limit when the stream velocity in- 
creases, but will reach certain maximum value for the steam velocity 
not exactly defined, but less than this coefficient equals 

zero and remains equal zero after which again increases. 
This reasoning concerns only the case the heating gas flowing with 
velocity the case cooling, the heat conductance coefficient varies 
discontinuously with the stream velocity, namely, for reaches 
suddenly definite positive value, which probably large enough. 

seems that the experimental investigation the above-mentioned con- 
clusions should have important practical bearing various scientific and 
technical fields. For instance, such investigations would shed light the 
problem air-cooling radial-type aeroplane engines, which presents many 
difficulties to-day because the fact that the velocities used the present 
time are already close the limits given Condition (28), chiefly flights 
high altitude, reaching the stratosphere. From this point view the 
experiments have here some importance the war effort. 

The above study deals with very simple case perfect gas flowing 
through tube with constant cross-section. might very interesting 
both from scientific and technical point view analyse the same way 
more general case flow through duct with variable cross-section, 
taking into particular consideration the Laval nozzle which has narrowed 
section certain point permitting velocity excess the critical limit. 
analysis this type flow, which would take into consideration the 
actually occurring losses pressure entailed throttling (resistance flow) 
would even more interesting. principle this looks feasible. These 
problems, however, are beyond the scope the present work. 


References 
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RESONANCE ABSORPTION NEUTRONS MANGANESE, 
GALLIUM, AND PALLADIUM! 


Abstract 


The resonance energy and the absorption coefficient for self-indication 
were measured for the neutron capture processes leading the formation 
the radioactive isotopes and For Mn, addition 
the level width was measured. The values found are the following: For 
and 3.9 per gm. referred the absorbing isotope. For 
e.v. and 8.2 cm.? per gm. referred the absorbing isotope. For 


Part the measurements were performed employing simultaneously boron 
and the element itself absorbers. For all the activities investigated, filtering 
through boron did not appreciably affect the absorption coefficient for self- 
indication, and, reciprocally, filtering through the element itself did not affect 
the absorption coefficient boron. These facts are good indication that most 
the activity induced non-thermal neutrons due one resonance level. 


the case Mn, the measured level width led approximate agreement 
between the measured absorption coefficient the thermal region and the one 
calculated from the one-level formula. 


Introduction 


inspection the activities induced non-thermal neutrons showed 
that the 2.6-hr. activity the 19.8-min. activity the 14.1-hr. 
activity Ga”, and the 13.0-hr. activity were all strong enough 
permit investigation the resonance levels using neutron 
source. 

The measurements effected and include determinations the 
absorption coefficients for self-indication, and the resonance energies 
the boron absorption method. For Mn, addition the above constants 
the level width was measured. 

The neutron source consisted 250 mgm. radium mixed with beryllium 
powder. The source was placed the centre paraffin cylinder cm. 
thickness and cm. diameter. The irradiation took place either near 
the surface the paraffin block, thermal neutrons being absorbed 
cadmium filter. The counter and circuit used were the same those described 
earlier paper (2). 


Measurements the 14.1-Hr. Activity Ga” 


Two gallium detectors were obtained melting the metal under water 
and compressing between two pieces plate glass separated thin spacers. 
The measured thicknesses were 0.105 and 0.106 gm. per respectively. 


Manuscript received August 1944. 

Contribution from the Department Physics, Laval University, Quebec, Que. 
Assistant Professor Physics. 
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The area each detector was 2.5 small difference between 
the two foils was compensated for alternately using each sample detector 
and absorber. 

order simplify the measurements, arrangement was used whereby 
set readings supplied the data necessary for the determination both the 
boron absorption coefficient and the absorption coefficient for self- 
indication K,. The detectors were always maintained fixed distance 
from the surface the paraffin substituting thin aluminium dummies 
for the boron absorbers whenever the latter were changed omitted. 

typical set measurements illustrated the following experimental 
arrangements: 

(0) Cadmium, dummies, Detector Detector 
(1) Cadmium, boron 0.313 gm. per Detector Detector 
(2) Cadmium, boron 0.470 gm. per Detector Detector 

and respectively, obtained with the three different arrangements. Then 
the ratio gives for unfiltered neutrons, whereas the ratios and 
give for neutrons filtered the different thicknesses boron. 
The ratios and A2/Ao give for unfiltered neutrons, whereas 
and give for neutrons filtered gallium. 

For the measurements the 14.1-hr. activity Ga” both detectors 
and were irradiated simultaneously and measured the same counter, for 
alternating periods min. The readings were repeated, the order the 
foils being alternated compensate for possible differences between the two 
detectors. All results were reduced, after correction for counter background, 
the initial activity saturation. this way, slight variations the time 
irradiation were taken into account. The measurements always began 
three hours after the end the irradiation, that the 19.8-min. activity 
was reduced negligible amount. The activities were followed until they 
had decayed about one-half their initial intensity. Under these con- 
ditions, each detector gave from 5000 20,000 counts. The counter was 
checked with uranium standard before and after each set readings. 


The results are summarized Table 


TABLE 


ABSORPTION THE RESONANCE NEUTRONS BORON AND GALLIUM. 
DETECTORS IRRADIATED NEAR THE SURFACE THE PARAFFIN 


Boron | Relative Relative 
thickness, activity of | activity of B/A B/Bo 
gm./cm.? Detector A Detector B 
0 | Ao = 1.000 + 0.008 | Bo = 0.645 + 0.006 | Bo/Ao = 0.645 + 0.008 
0.313 | Ai = 0.676 + 0.007 | B; = 0.445 + 0.006 | B,/A;i = 0.658 + 0.011 | Bi /Bo = 0.690 + 0.011 
0.470 tes = 0.552 + 0.006 | Bs = 0.340 + 0.005 | Bz:/Az = 0.616 + 0.011 | B2/Bo = 0.527 + 0.010 


q 
q 
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inspection Table shows that, within the experimental error, filtering 
boron does not change the absorption coefficient gallium (approximate 
constancy the ratios Column and filtering gallium does not change 
the absorption coefficient boron (approximate equality the ratio 
Column with the corresponding ratio Column for the same boron 
thickness). 

The conclusions derived from the results Table are strong indication 
for assuming that most the resonance activity due one level. 
obtain the value the absorption coefficient boron for the resonance 
neutrons gallium, the obliquity the neutron path through the absorber 
must taken into account. The Fermi angular distribution for the neutrons 
emerging from the paraffin cannot used such, because the detectors were 
not placed immediate contact with the paraffin. Hence the correction 
for obliquity smaller than that due the Fermi distribution. The neces- 
sary correction was obtained integrating the Fermi formula for maximum 
angle incidence the neutrons 78°, which corresponded the geometry 
our arrangement. 


For the two thicknesses boron, was found that: 
For 0.313 gm. 0.72 per gm. 
For 0.470 gm. 0.75 per gm. 
The agreement between these two values obtained from two different 
thicknesses boron another indication for the effectiveness only one level. 


The corresponding values for neutrons filtered gallium (Column 
Table are 0.67 and 0.82 respectively. 

Taking average 0.74, and correcting for scattering (1, page 136), 

order obtain the absorption coefficient for self-indication K,, the 
effect obliquity must also taken into account. The complicated numer- 
ical integration necessary for this correction was not warranted the accuracy 
our results, especially when considered that the errors introduced 
the thickness the detector cannot corrected for any degree accuracy. 
therefore applied the same correction for obliquity would applied for 
neutrons having constant absorption coefficient. This equivalent 
using the correction curve obtained for the boron absorption. 


this way was found that 3.2 per gm. when referred the 
total weight the element. Considering the abundance the isotope 
responsible for the activity, find 8.2 per gm. referred 

check the validity this correction, the gallium detectors were 
irradiated the surface the paraffin, and was deduced from the self- 
indication curve for Fermi distribution (3). The mean transmission was 
0.60, which gives 3.0. Although the agreement excellent, must 
kept mind that these values can both considerably affected the 
thickness the detector. 


‘ 
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Measurements the 19.8-Min. Activity Ga” 


The technique followed was essentially the same that employed for the 
investigation the long period. Owing the short period the activity, 
only one two simultaneously irradiated detectors could measured; hence 
the irradiation had repeated, the same arrangement being used. 

avoid excessive activity due the long period, each irradiation lasted 
only min. The detector was always measured for min., beginning two 
minutes after the end the irradiation. The irradiation was repeated 
times for each the arrangements previously described. 


The results are summarized Table II. 


TABLE 


ABSORPTION THE RESONANCE NEUTRONS BORON AND GALLIUM. 
DETECTORS IRRADIATED NEAR THE SURFACE THE PARAFFIN 


Boron Relative Relative 
thickness, activity of activity of B/A B/Bo 
gm./cm.? Detector A Detector B 
Ox Ao = 1.000 + 0.009 | Bo = 0.706 + 0.008 | Bo/Ao = 0.706 + 0.010 
0.313 Ai = 0.705 + 0.008 | Bi = 0.512 + 0.008 | Bi/A1 = 0.726 + 0.014] Bi/Bo = 0.726 + 0.014 
0.470 Az = 0.660 + 0.008 


The data Table concerning the energy levels lead the same 
conclusions those stated for the energy levels These results indicate 
that most the activity due one level. 

The values and were obtained applying the same corrections 
the case the long period. found 

For 0.313 gm. 0.63 per gm. 
For 0.470 gm. per cm.? 0.50 per gm. 

For neutrons filtered gallium, the boron absorber 0.313 gm. per cm.? 
gave 0.57. Taking mean 0.57, find resonance energy 
about 100 e.v. 

order obtain took 0.715 the mean value the transmission. 
Using this value had been obtained irradiating the detector the 
surface the paraffin, would find 0.19, whereas applying the 
correction discussed above, find K,6 0.25. The latter value gives 
2.4 per gm. when referred the total weight the element, 
and 3.9 per gm. referred 


Measurements the 13.0-Hr. Activity 


For the boron absorption measurements, two different experimental arrange- 
ments were used. the first, the same technique that described for the 
long period gallium was followed, palladium foils 0.033 gm. per cm.? 
being employed. 


| 
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The results the experiments which the first arrangement was used 
are summarized Table 
TABLE III 


ABSORPTION THE RESONANCE NEUTRONS BORON AND PALLADIUM. 
DETECTORS IRRADIATED NEAR THE SURFACE THE PARAFFIN 


| 
Boron Relative Relative 
thickness, activity of activity of | B/A B/Bo 
gm. per cm.? Detector A Detector B | 
0 Ao = 1.000 + 0.005 | Bo = 0.618 + 0.004 | Bo/Ao = 0.618 + 0.005 | 
0.313 Ai = 0.575 + 0.006! B; = 0.356 + 0.005 | B,/Ai = 0.619 + 0.011 | Bi/Bo = 0.576 + 0.009 
= 0.426 + 0.008 


The constancy the ratios Column shows that the absorption 
resonance neutrons palladium not affected filtering the beam through 
boron. Moreover, filtering the beam through palladium does not affect the 
absorption coefficient boron (equality the ratio Column with the 
corresponding ratio Column for the same boron thickness). Both these 
facts are strong indication that the resonance activity due essentially 
one level. 

For the two thicknesses boron, after correction for obliquity, found 
that 

per gm., using the absorber 0.313 gm. per 
per gm., using the absorber 0.470 gm. per cm.” 

The second method for obtaining the absorption coefficient boron con- 
sisted using approximately parallel beam neutrons, described 
the paper already quoted The detector 0.133 gm. per was placed 
cm. from the surface the paraffin, the neutron beam being defined 
heavy boron shields. The maximum angle which the neutrons could 
strike the detector was degrees, and hence obliquity corrections were 
neglected. This arrangement illustrated Fig. 

The boron absorbers were those employed previously, and each reading 
was repeated twice. The results are summarized Table IV. 


TABLE 


ABSORPTION OF THE Pp!°8 RESONANCE NEUTRONS IN BORON, USING A PARALLEL NEUTRON BEAM 


0.313 0.714 0.008 1.075 
0.470 0.608 0.008 0.498 1.060 


| 
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Boron dummy 


Detector 


Detector 


PARAFFIN Cd 


10 cm. 


Arrangement source (S), paraffin, boron carbide shields, absorbers and detectors. 
With this arrangement, the irradiation took place approximately parallel neutron beam. 


Here again the results not indicate decrease for increasing 
boron thickness; this confirms our earlier conclusion. Moreover, the agree- 
ment between the values from the two methods within the experi- 
mental error. Taking average 1.07 per gm. and correcting 
for scattering, obtain resonance energy e.v. 

The data Table III were also used deduce the value the absorption 
coefficient for self-indication, the case gallium. 

Taking 0.61 the mean value for the transmission through 0.033 gm. per 
cm.? Pd, find, using the procedure described for gallium, 
per gm. referred the whole weight the element, and 
per gm. referred 

The absorption coefficient for self-indication was also deduced from another 
set readings, obtained irradiating four identical detectors 0.033 gm. 
per the surface the paraffin. The results are summarized 
Table 


The values were obtained from the curve for the absorption reson- 
ance neutrons the case self-indication (1, page 146). These values are 


| 
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TABLE 


ABSORPTION OF THE Pd!°8 RESONANCE NEUTRONS IN PALLADIUM. 
DETECTORS IRRADIATED ON THE SURFACE OF THE PARAFFIN 


0.000 1.000 0.006 

0.592 0.006 0.33 10.0 
0.067 0.453 0.005 0.59 8.8 
0.100 0.377 0.004 0.82 8.2 


probably more reliable than those obtained from the results Table 
The small divergence probably due the uncertainty the correction for 
obliquity applied calculating from Table III. weighted average 
the values obtained from Tables III and may take 10, giving 


Measurements the 2.6-Hr. Activity 


Considerable difficulty was experienced securing convenient man- 
ganese detector. proved impossible obtain two more equal detectors, 
that only one detector could irradiated time. Two detectors were 
employed. They consisted electroplated deposits metallic manganese 
ground approximately uniform thickness. Their respective thicknesses 
were 0.9 gm. per and 0.3 gm. Manganese powdered pass 
through 100-mesh sieve was pressed into package 0.400 gm. per 
the technique described the case the boron absorbers earlier paper 
being followed. This package was used absorber for measuring the 
absorption coefficient for self-indication. 

The boron absorption measurements were performed irradiating the 
0.3 gm. per detector near the surface the paraffin, and the 0.9 gm. 
per detector the parallel beam. The results the first type measure- 
ments are summarized Table VI, where the obliquity corrections have 


been applied previously described. 


TABLE 


ABSORPTION OF THE Mn*® RESONANCE NEUTRONS IN BORON, 
DETECTOR IRRADIATED NEAR THE SURFACE OF THE PARAFFIN 


gm./cm. 


0.0 1.000 0.005 
0.556 0.004 0.350 
0.470 0.404 0.003 0.580 1.24 


i 
| 
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The results obtained irradiating the thicker detector the parallel 
beam are summarized Table VII. this case, obliquity corrections were 


neglected. 
TABLE VII 


ABSORPTION THE RESONANCE NEUTRONS BORON. 
DETECTOR IRRADIATED THE PARALLEL NEUTRON BEAM 


Boron thickness, 


1.000 0.009 

0.313 0.678 0.008 0.390 
0.470 0.573 0.008 0.560 1.19 


The agreement between all these values within the statistical error. 
Taking average, 1.2 per gm., and correcting for scattering, 
obtain resonance energy e.v. 

For the measurement the absorption coefficient for self-indication, the 
thinner detector was irradiated the parallel beam, using absorber 
either the package 0.40 gm. per sheet 0.54 gm. per 
obtained grinding uniform thickness electrolytic deposit. Each 
measurement involved was repeated twice and gave consistent results. The 
average transmission was 0.62 0.01 for the 0.40 gm. per absorber, and 
0.57 0.02 for the 0.54 gm. per cm.? absorber. The first value gives 
1.40 per gm., and the second value, 1.25 cm.? per gm. may 
take average 1.3 per gm. 

Measurements have been performed Horvath and Salant (4). 
Their value the resonance energy excellent agreement with ours. 
However, extending the absorption measurements very large thicknesses 
boron, they found decrease that could not detected with our 
absorbers. Moreover, these observers obtained value which much 
lower than ours. The discrepancy beyond the limits errors possible 
our experiments, especially considered that used practically 
parallel beam neutrons, and that the measurement was performed with two 
different types absorbers. 

order measure the level width Mn, followed one the procedures 
already described our earlier paper The method consists com- 
paring the level width with the known level width Rh, which has 
been accurately measured. comparison obtained irradiating the 
element whose width found near the surface paraffin block, and 
finding the ratio the activity induced resonance neutrons the 
activity induced thermal neutrons. This ratio must corrected for the 
thickness the detector, yielding corrected ratio Y’. From this value 
can deduce approximate value the ratio the integrated activities 
that would have been obtained irradiating thin detector infinite 
volume hydrogenous medium. The ratio Y’/Y for our paraffin block 
was already measured for Rh, and found 0.66. assume that this 
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ratio approximately the same for all elements. This assumption would 

exactly valid the elements question had the same resonance energy, and 

still approximately true the levels are not too widely separated energy. 
Once the value has been obtained, the level width given the 


formula: 


where 2.22 cm. the mean diffusion length for thermal neutrons 
water and 0.65 cm. the mean free path for elastic impacts resonance 
neutrons water. 

detector 0.21 gm. per cm.? was irradiated the parallel neutron 
beam, with and without cadmium filter. The ratio the activities 
due resonance and thermal neutrons was 0.34, which, when corrected 
for the thickness the detector, yields 0.41. Applying the correction 
obtained from the measurements, find 0.62, and, substituting 
the above formula, 0.098 and 1.67 e.v. 

The value may used ascertain whether the absorption thermal 
neutrons wholly due the resonance level investigated. this the 
case, the absorption coefficient for thermal neutrons must agree with the one 
calculated from the one-level formula: 

0.14 per gm. compared the measured value (5) 0.11 per gm. 
The agreement good can expected, considering the uncertainty 
the factors involved, and shows that the absorption thermal energy neutrons 
can wholly attributed the 17-volt level. 

attempt measure the level width was made for the 14-hr. period 
was found, however, that the activity due thermal neutrons 
but small fraction the whole. Hence the ratio was not very trust- 
worthy owing the large statistical error. was found that the 
order The width calculated from this value leads 
value than the experimental value determined Sinma and Yama- 


saki (6). 
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THE DELINEATION RETINAL ZONES WITH 
DARK TUBE 


FRANK ALLEN? 


Abstract 


this communication there described the effect increasing the stimu- 
lated area the central foveal part the retina upon the critical frequency 
flicker. order this, the vision one eye—the right—was directed 
through long black tube screen constant brightness, the different areas 
stimulated being obtained and measured using holes various diameters 
black paper placed over the far end the tube. Between this end the 
tube and the screen was rotating sectored disk with which the fusion frequency 
was obtained and measured. 

was found that the graph obtained plotting the measurements has three 
breaks it, which correspond the five central retinal zones delineated 
histologists. was also found that the fusion frequencies are proportional 
the logarithms the diameters (or areas) the retinal zones; primarily, 
the number cones stimulated. 

similar set measurements was made the periphery the retina which 
showed both similarities and differences from the central foveal effects. 


When one looks with one eye through opaque tube, such mailing- 
tube, having the other eye open also, and directs vision towards the wall 
room, will observed that the circular patch the wall seen through 
the tube appears much brighter than the wall appears the other eye. The 
most pronounced effect obtained when the tube long, small diameter 
and blackened the inside, and held that light other than that 
reflected from the wall enters the eye. This phenomenon has been termed 
Allen and Oretski (4) the photoscopic effect. 

But tube with translucent walls, such glass tube lined with single 
layer white tissue paper, brightly illuminated from the side, and the 
wall viewed through before, the circular patch seen through the tube 
appears much darker than the wall appears the other addition, 
vision through the tube interrupted rotating sectored disk with two 
black sectors, the circular patch, the critical frequency flicker, appears 
intensely black, the relative intensities illumination tube and wall 
are suitably adjusted. This phenomenon was termed Allen and Oretzki 
(4) the scotoscopic effect. 

The free eye has observable effect upon the phenomenon. But 
keeping open the normal brightness the wall can compared with that 
the patch seen through the tube. 


The Central Retina 


“The structure the primate retina,’’ Dr. Stephen Polyak (6, 602) 
points out, exceedingly complex. not less than 15, perhaps more, 
received original form May 29, 1944, and revised, October 13, 1944. 


Read before the Royal Society Canada, May 29, 1944. 
Professor Emeritus Physics, University Manitoba. 
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distinct varieties neurons are present. These undergo with each other 38, 
and possibly more, kinds different synapses. substance the retina 
nervous organ where, besides the process photoreception, many other 
processes usually associated with the central nervous system—selection, 
facilitation, inhibition, summation excitation, place. According 
this, the retina essentially organ. The forwarding 
the excitations arising the photoreceptors the brain, therefore not 
simple mechanical transmission, but elaborate nervous process.”’ 


According histological observations given Polyak (6, 602) the 
centre the retina consists thin shallow portion peculiar shape, 
which indicated diagrammatically Fig. concavely inwards 


Choroid 


Light 


Fic. Diagram the central retina. Outer fovea; bouquet central cones; 
rod free area; inner fovea. 


towards the lens the inner fovea with slight depression called the foveola 
the centre. Behind and facing concavely outwards towards the choroid 
membrane the outer fovea with small area the centre containing long 
slender cones special dimensions that have been termed 
central (Rochon—Duvigneaud). The diameters these four areas 
are follows: inner fovea, 1.5 mm.; outer fovea, 0.4 mm.; foveola, 0.35 
mm.; 0.05 0.075 mm.; rod free area, 0.910 mm. The outer 
fovea and the foveola have nearly the same diameter. 


Though these dimensions are very small, yet they are large comparison 
with the thickness single cone, which varies from 0.001 0.0015 mm., 
and with the distance 0.0003 mm. between two cones. Along the diameter 
the 0.075 mm., there are, therefore, about cones. The 
central numbers about 2000. 


The Retinal Pattern Tubular Vision 


all investigations vision always desirable, often essential, 
translate the external field vision into retinal pattern, since the latter 
what appears consciousness. The optical pattern known dimensions 
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superimposed the retinal zones and areas cones and rods, which have been 
delineated with great precision; and changing the size the pattern 
image the visual influence one zone upon another, any, can ascertained. 

The optical pattern formed the retina the dark tube consists two 
parts: first, the central illuminated stimulated area, and, second, broad 
peripheral zone almost complete darkness, that is, without stimulation, 
except possibly for some scattered but imperceptible radiation. 

The retinal pattern formed the light tube has the central illuminated 
stimulated area, before, but the peripheral zone, instead being dark- 
ness, more brightly illuminated the walls the tube. 

The size the retinal computed from the formula (5, 56), 

where the length diameter the image the retina; the length 
diameter the object; the distance the object from the nodal point 
the lens the eye; and mm. the average focal distance from the lens 
the retina. All dimensions are expressed millimetres. 


Physiological Interactions Retinal Areas 


has been shown the writer (1, that underlying all visual, and 
indeed all sensory, activities, are the physiological processes inhibition and 
facilitation which the receptors—the cones and rods—or their central 
connections, are respectively depressed enhanced sensitivity. has 
also been demonstrated that stimulation one area retina with light 
produces these processes corresponding changes the responsiveness 
adjacent areas whereby their excitability lowered raised. 
reciprocal action stimulated areas upon one another many visual phenomena, 
notably simultaneous contrast, are due. the layers the retina, 
Polyak has shown, are found neural structures that connect cones and rods 
with one another whereby their mutual influences can exerted. Since the 
structures exist, and the functional effects are observed, the latter may 
interpreted with confidence terms inhibition and facilitation. 

the case vision through dark tubes, the central patch appears greatly 
enhanced brightness, condition that can only arise from the removal 
inhibitory influence that was previously exerted from the illuminated 
periphery. seems clear, therefore, that the illumination which the periphery 
the retina normally receives has strong inhibitory action upon the 
responsiveness the central portion. the far-periphery contains pre- 
dominantly rods and the centre cones, may inferred that the inhibition 
probably exerted through the rods upon the cones. 

With light tubes the responsiveness the central retina still further 
diminished, the observed darkening shows, since the inhibitory influence 
the peripheral stimulation upon greatly increased above its normal value 
the heightened illumination which exposed. 


| 
| 


CANADIAN JOURNAL RESEARCH. VOL. 23, SEC. 


Experimental Procedure 


The enhancement brightness illuminated screen, when observed 
through dark tube, varies inversely some degree with the area the tube 
since becomes greater the area diminishes. the present investigation, 
therefore, was decided employ areas small diameters possible, 
and gradually increase them, measuring each case the corresponding critical 
fusion frequency flicker the light the screen, viewed through the 
tube, while its physical brightness remained constant. 


order obtain the desired retinal images, tube with sufficiently thick 
and rigid paper walls was used, the length which was 1066 mm. and the 
diameter mm. the viewing end lens was placed which just corrected 
the presbyopia the writer’s eye without perceptible magnification verified 
special tests. The eye was placed close the lens possible for distinct 
vision, and the customary mm. which ophthalmologists allow, was added 
the length the tube computing the sizes the images. The far end 
the tube was covered successively pieces black paper which circular 
holes were cut the desired diameters from mm. mm. When the 
retinal image corresponding the diameter, mm., the tube had been 
reached, larger images were obtained cutting off succession lengths 
cm. from the far end the tube, until the limit distinct vision was 
reached. Two larger retinal images diameters 1.29 and 1.72 mm. were 
obtained employing another dark tube, 395 mm. long and mm. 
diameter. The image diameter 1.72 mm. was the greatest that could 
observed with the dimensions the apparatus employed. 

The illuminated screen observed was piece smooth white paper placed 
the back inside wall sheet-metal box which was small four-volt 
lamp operated from three dry cells carefully observed and controlled voltage. 
The screen was thus shielded from daylight; and over all was stretched 
black cloth. The brightnesses the paper screen with and cells were 
0.17, 1.4, and 5.3 millilamberts, respectively. The room itself was illum- 
inated normal daylight April, and the observer’s eyes were daylight 
adaptation. 

Between the far end the tube and the screen was sectored disk with 
two open and two blackened sectors 90° each. This was rotated 
continuous current electric motor whose speed was controlled leather 
brake attached spring and cord, which could rapidly and accurately 
adjusted the critical frequency flicker. means speed-counter 
affixed the axle the armature the motor, electric contact was made 
each fiftieth revolution, which was recorded moving strip chronograph 
paper, together with signals half-second intervals from clock. Thus the 
speed the motor could computed and the fusion frequency the light 
obtained. 
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Experimental Results 


Three complete sets readings, one for each brightness the screen, were 
made for the retinal areas whose diameters are given Table which 
mean values all measurements are recorded. With values the fusion 


TABLE 


DARK TUBE VISION, FOVEAL REGION 


Brightness, Fusion Fusion Fusion 
Low Medium High 
0.056 2.748 0.0264 37.88 0.0227 44.05 
2.839 29.41 40.00 47.17 
2.987 30.77 43.10 51.02 
1.097 31.95 45.25 53.19 
1.614 40.98 .0171 58.48 
1.29 0.110 46.95 71.43 80.00 
1.72 0.236 72.46 81.30 


the duration flash light the fusion frequency. 
The graphs for low, medium, and high brightnesses are indicated the letters Hin Fig. 


frequency, ordinates, and logarithms the image diameters, log 
abscissae, three graphs were plotted shown Fig. Each graph 
consists.of four non-intersecting straight lines with three short connecting 
links. graphs differ position but not shape. The separate lines 


conform the equation: 


where the critical frequency flicker fusion frequency; the 
diameter the retinal image area stimulated; and and are constants 
which vary value for the different parts the graph. The physiological 
processes involved, chiefly those concerned with inhibition and facilitation, 
ultimately determine the values these constants. The fusion frequencies 
strictly vary the logarithms the retinal areas stimulated. But since the 
logarithms the areas are proportional the logarithms their diameters 
the latter, for convenience, are plotted. The areas are significant because 
the increasing numbers cones which are stimulated. 
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Frequenc 


Fusion 


Fic. Fusion frequencies increasing foveal areas for various brightnesses screen; 


0.17, 1.4, and 5.3 millilamberts. The breaks occur the critical areas. 


For each graph there was constant physical brightness the screen. 
But the stimulated retinal area increases size, observation showed that 
the physiological brightness the screen diminished. Nevertheless the 
values the fusion frequency increase, which contrary towhat seemed proper 
expect. Evidently the increasing area, or, more precisely, the increasing 
number receptors stimulated, overbalances the apparently diminishing 
brightness. But the stimulated central area increases size, the dark 
peripheral area diminishes, and the inhibitory action proceeding 
phery centre likewise diminishes. Rapidity receptor response under 
changing areal conditions must therefore distinguished from that associated 
with the intensity the sensations light and colour that are excited. 
With constant area stimulation the fusion frequency follows the 
Porter law, and proportional the logarithm the intensity the light 
colour. 

The breaks continuity the three graphs Fig. occur precisely the 
same points, and which correspond the diameters the retinal 
areas, 0.083 mm., 0.360 mm., and 0.910 mm., respectively. Point repre- 
sents diameter 1.29 mm. 

comparing the diameters the anatomical areas, given above, with 
those indicated the points, and the graphs, will noticed 
that (0.083 mm.) indicates very closely the central region 
0.075 mm.; (0.36 mm.) indicates both the foveola and the outer fovea 
0.35 (0.91 mm.) corresponds the rod-free area 0.91 mm.; 
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and (1.29 mm.) represents approximately the diameter, 1.5 mm., the 
inner fovea. The three short connecting lines and the graphs 
mark the transitional boundaries these critical areas, which are not sharply 
only broadly defined. 

The anatomical areas the central retina are thus shown distinguished 
from each other not only histological differences but also their physio- 
logical reactions. Since stimulation the retina, addition eliciting 
sensations light and colour, excites processes inhibition and facilitation, 
which its sensitivity controlled, the breaks continuity the graphs 
indicate alterations responsiveness the widening areas that are due 
differences the ratios these processes operating within them. 


The experiments that have been described were performed with white light 
and therefore represent the combined physiological effects all the spectral 
colours. Probably the measurements were repeated monochromatic 
hues, characteristic differences would disclosed. 


The Periphery the Retina 


One set measurements was made with the dark tube upon peripheral 
area the retina position 11’, about 2.2 mm., from the fovea, 
the temporal side the horizontal meridian the right eye. The eccentric 
orientation the eye was maintained fixating vision upon small hole 
suitable place the side the tube through which faint light could 
seen. this peripheral region, which well beyond the macula, rods 
predominate, and the increasing areas probably differ from each other only 
their number. The first the areal dimensions formerly used were 
alone observed, the measurements the larger areas being too uncertain for 
satisfactory results. The screen observed had brightness 
lamberts. 

The measurements are given Table II, and are shown single graph 
Fig. with the same co-ordinates, and log before. The graph 
consists three straight lines that intersect, but, unlike those Fig. have 
extended breaks between them. The lines the graph conform the 


same law 


before. The first intersection indicates only slight change direction 
the second line, but the divergence the third line much more 
decided. 

The diameters corresponding the points and are 0.083 mm. and 
0.223 mm., respectively. Though the former value precisely the same 
that for the first break, Fig. corresponding structural changes 
the retina, there apparent histological reason for expecting difference 
the ratio inhibition facilitation either peripheral area when 
enlarged. Since, widening, the peripheral areas change for the most part 
increasing numbers rods, the conclusion seems warranted that they have 


; 
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TABLE 
DARK TUBE VISION 


Peripheral area retina, 11’ from the fovea 


Retinal image Fusion frequency 
diameter 
log 

mm. sec. 

0.056 2.748 0.0314 31.85 
2.839 0279 
2.919 0254 39.37 
2.987 0234 42.74 
0219 
1.097 0206 48.54 
1.220 0182 54.95 
1.348 0163 61.35 
1.508 0150 
1.614 0142 70.42 
1.681 0136 73.53 


2.8 1.0 1.4 1.6 1.8 


Fic. Dark tube vision. Fusion frequency periphery 11' from fovea, the area 
stimulated increases diameter from 0.056 0.48 mm. 


critical magnitudes, and, when they are exceeded, stimulation the enlarged 
area, greater number rods, causes changes the ratio inhibition 
facilitation that are disclosed the abrupt alterations direction the 
linear components the graph. may also inferred that rods exert 
neural influences upon one another; though must not forgotten that 
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cones are always found interspersed among the rods. Whatever may the 
explanation, the responsiveness peripheral areas markedly different from 
that the central zones. may noted that observations indicated the 
same measurements valid all parts the periphery the same 
distance (8° 11’) from the fovea. 

These characteristics retinal action are analogous the 
staircase phenomenon which every stimulus that causes muscular con- 
traction produces addition beneficial change the tissue whereby 
becomes more excitable and able contract more strongly than before—an 
effect probably due excitation nerve fibres. 

the present investigation very few observations were made determine 
whether the Ferry—Porter law was followed under both photoscopic and 
scotoscopic conditions. Table III the measurements for both retinal 
states are given; these are plotted the two graphs Fig. With the 


TABLE III 


DARK TUBE VISION, PHOTOSCOPIC EFFECT 


Fusion frequency 


Brightness 
ml. sec. 
0.17 0.0266 
1.4 0.15 
0.72 60.97 


LIGHT TUBE VISION, SCOTOSCOPIC EFFECT 


75.1 1.876 0.0130 76.92 
125 2.097 80.00 
263 2.420 84.75 


dark tube the retinal area stimulated was 0.223 mm. diameter, while with 
the light tube the diameter the area graphs show that 
within the short range brightness the screen, —0.17, 1.4, and 5.3 
millilamberts for the dark tube, and 75.1, 125, and 263 for the 
light tube—the fusion frequency, proportional the logarithm the 
brightness, the screen, that 


which the Ferry—Porter law. 

Since the scotscopic effect physiological darkening the screen, the 
small illuminations used for the photoscopic condition could not employed 
effectively. Greater brightnesses the screen were accordingly obtained 
with incandescent lamps rated 25, 40, and watts. 
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Fusion Frequenc 


Fic. Fusion frequency foveal area, dark tube and light tube vision, for varying 
brightnesses the screen. 


The conditions for enhanced central vision means tubes are well met 
the construction microscopes, field-glasses, and other optical instruments 
like nature, since the tubes that carry the lenses shield the periphery the 
eyes from illumination and thus enable the central areas assume in- 
creased excitability. the simple expedient holding the nearly closed 
hands the eyes, like opera-glass, that only narrow field view 
presented, greatly improves the vision distant objects bright daylight 
illumination. 

Dr. Young has brought the writer’s attention notable instance 
the practical use vision through dark tubes. Samuel Pepys, well 
known, suffered greatly later life from painful visual troubles that last 
obliged him discontinue writing his famous diary. the effort preserve 
his sight had recourse visor over his eyes fitted with tube, which may 
best described his own words. does not appear that the device fully 
met his expectations. 

24th April, pleased tonight have Lead, the vizard-maker, 
bring home vizard, with tube fastened it, which think will 
business for the easing 


1.9 2.0 2.1 2.2 2.4 


ALLEN: DELINEATION RETINAL ZONES WITH DARK TUBE VISION 


25th April. and office awhile and thither comes Lead with 
vizard, with tube fastened within both eyes; which, with the help which 
prompts to, glass the tube, content mightily.”’ 

8th May. last vizards are done, and glasses got put and 
not able bear the light the windows eyes.”’ 


Summary 


The conclusions reached this investigation may briefly summarized. 

The foveal region the retina has been found histologists comprise 
five specially differentiated zones, three which constitute the inner fovea 
and two the outer. using the method the critical fusion frequency 
flicker with circular patches white light gradually increasing areas 
observed through dark tube, graphs were obtained consisting several 
straight lines that conform the equation: 


where the critical fusion frequency flicker, the diameter the 
retinal area stimulated, and and are constants that differ numerical 
value for the different lines the graph. breaks between the straight 
lines correspond the areas the foveal zones; this proves that functional 
well histological differences exist them. 

For peripheral areas graph was obtained under similar conditions that 
also consists straight lines whose abrupt intersections indicate that areas 
where rods predominate have critical dimensions. The graphs follow the 
same law before. 

The sensitivity the retinal areas stimulated, whether central peripheral, 
controlled the combined processes facilitation and inhibition, which 
have constant ratio each other for short range areas. When certain 
critical area exceeded, the ratio the two processes for some reason acquires 
new value for another range areas. For this reason the graphs are com- 
posed several straight lines each which corresponds one the areal 


ranges. 
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